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Abstract 

TtllS report Is a fcriaf suximary guide to wort dnna In tha J!. I. T. 
Artificial Intelligence Lab orate- ry dl race ad at the production of toe Is for 
productivity technology research. For dttillid covaraua of the wort, 
readers should use this suwnary 43 an introduction to thl ranorts and papers 
listed in the bibliography. 

Support Tar the laboratory" * research described hero was provided in part by 
the Advanced Research Projects Agency nf the Department of Da Tense under 
Qffica of Naval Research Contract nuubtr N0M114-7O-A-0362-QD45- 
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This report Is b brief summary guide to wort done in the 1. 1. T. 
Artificial intelligence Laboratory directed at the production of tools for 
productivity technology research. For detailed coverage of the work, 

readers should" usb this synwary as an introduction en thi reports and papers 
listed in the bltalingraphy, other relevant material Is In our general 
progress report, Xem Process in Artificial [itUlllftncB (AI-TR-l)o), and in 
OUT proposal for wort In 1976 fro* which this iuomry *SS partly adapted 
■CAIri-366) . 

APPLICATIONS ORIENTED VISION AND MANIPULATION 

In our proposal {Airt-£74>, wa emphasijed two point st 

■ He argued a need for a workable, inexpensive set of hardware 
and software tools for doing research in applications 
oriented computer vision and manipulation. We laid out a 
plan far the creation of these tools, 

I We suggested that tool creation without one or two target 
domains can be inefficient and leads to poor resource 

allocation. We Specified the problem Of electronic circuit 
card tnanufao tiara and repair as suitable for bringing general 
issue* into crisp, nanageaftla form. 

For the most part we are satisfied with the progress in these areas. The 
inexpensive, exportable vision and manipulation laboratory now exists. It 
has dectotvst rated its usefulness by supporting important tarsal d amain 
project* involving electronic circuits and by facilitating first steps 
OUtSida electronics in other world* oT interest like the world of small 
mechanical devices. 

We new give a brief description of the general plan of which thi* Wfrrll 
was a major part, proceed with an itemization of the laboratory's 
components, juova then to a brief discussion of some progress Bade witn It, 
and then finish with some recommendations for future research. 



Product ivitif rocAnotoflj? Ha An Important HLs&ion 

Broadly apeaklng* the overall goal pf our work in Applied vision and 
manipulation has been to develop use* for artificial intelligence techniques 

in industry. We hava hid this goal f&r the. following reasons: 

■ ffalntenance of the economic strength of the country in the 
competitive International arena through automated 
production, particularly in Assembly. 

• Creation er & mora flexible trend of manufacturing capable 
of very quick response in timas pf rapidly changing need. 

1 Preparation for autooated mining, both underground and 
undersea, as will as automated fanatng, space exploration 
and recovery, ordinary maintenance, and maintenance in 

hazardous environments . 

We believe these objectives art vitally important because preeminent 
computer science and industry is one of the najor strengths pf the United 
States- We believe mo oust translate this advantage into corresponding 
capabilities in areas where our world position li eroding, especially in 
productivity. We think changes will come about quickly when a Certain 
tnresTmld of technology is passed over. Just as pocket calculators sweet 
the country like a tidal wave, we believe computer vision and manipulation 
will soon swa-ep through the nanufacturing and maintenance industries, But 
before discussing what has been acomplished, let us lock at the overall path 
end see how it reaches toward the stated objectives. 

Propria j> rnntHrring Artificial litui i 1 pence rdegj To Industrial 
Practice Fnuoivt-f four ffajor &ttp* 

Our work has been driven by the following plan elements/ 

1 Pick the simplest possible domain,, do vision and 
manipulation in that domain, and us* the results to measure 
the difficulty of the problems in order to allocate 
resources and predict when applied results should emerge. 



This bid alreedy been accomplished prior to our direct efforts on 
applications. The blocks World >-flj the first domain; the difficulty q r 
vision dictated the concentration nf efrort on it and the relative neglect 
Of manipuletion. It borane clear that the Existence or ulobal knowledge and 
the nan-] lnv«r ily of nam effects' render BOit previous wort on lnege 
processing qf little Value. Instead, problem solving^ constraint 
exploitation N and symbolic low level processing became central issues. It 
also became clear that vision Is very hard, and for the sake of near term 
application results, the goal* In Vision research should 00 divided into 
no-tricks basic study and no-holds -bar red, speclal-purposa, domain-dependent 
wort. 

1 Oticg the problems era un cove rid through a struggle with the 
"single" domain,, then it li time to get together hardware 
and software tools capable of meaningful h cost conscious 
prototype irranflcQent to solve particular problems. 

This too has been accomplished and stands as one of the major products 
of the research reported here. Our Mcro-Autooation Laboratory exists and 
supports applications work, Jt is described in a moment. 

3 Use the tools to tackle real problems, At first these may 

he selected because they are amenable to solution through 
the existing tools and techniques — Obvious indisputable 
commercial viability is a secondary objective. 

Our work on electronic assembly was chosen for suitability in this 
phase, ffany results, described later, are in hand, 

4 Finally * apply the technology on the most serious problems 
where the saving would be greatest in human and fiscal 
terms . 

This is the nest step, one for which our work has prepared us. More 
specifically, this translates to the assembly or mechanical devices, The 
tough assembly problems involved seen essential to industry and appropriate 
for solution by soee combination of vision, force sensing aanipulatlon r and 



not*- understood Artificial Intelligence prDgrejmlng ldui. 
Th* tierdmtre /j Oefined 

Th* laboratory for productivity technology is built around * P&pn^D with 
extflndad instruction set (EISj, ilK D f „„ Mwryi twp ^ mBg , wopd djLsfc 
drives. tnH a GT40 uraphlcs dimity ierninal. | n addition, we havo the 
foil ohI n.g devices which we bailee rora a good checklist for go t ting star tad 

In productivity technology research: 

■ Two VICARK mechanical Am*, 3/4 human size, 1*1 th si* joints 
and jsijt degrees of froedmn, position and velocity sensors in 
■OSt joints, and grlpper hands, Ihese comprise our primary 
BMhipu lotion system Texas Instruments, the University Of 
Illinois, and the Naval Research Laboratory have ordered tht 
HIT designed arm and nore art expected to follow suit. 
Figure 1 shows the general appearance of those eras, 

■ A Vldlcon picture digitizer, consisting of a television 
ciaera and 1 television nonitor, and a digitizer which 
converts th* scanned picture to 6 bit digital data it ■ 
naxlBua rate of 65 microseconds for each paint in the, TV 
scan. This is currently our priaary vision system, (Soon 
solid stato arrays will be the bettnr choice, but not as of 
this writing, } 

m A Hughes moduli table laser with an output of ,001 watt, used 
principally as a pointer or tracking de^icH. 




Design^ at K. I.T, by Vic Scheinman 



■ Two motor -driven ml rrar-di fleet ion systems, by Spatial Data 
Systems, Inc. Each mirror systam has two independently 
con troll ib Is mirror* with perpendicular n«i of rotation* 
and settling times of approximately 3 millisecond* for 
notion of the mirrors. On* system is used ten deflect the 
Hughes laser; the other U attached tn a PIN diode via an 
optical systam and is a slpw but very linear, high 
resolution Vision input device. Tie inferiority »/ eireit 
tfoorf oidicani is i rawed! a t a I [f oftvtoui /ronf coflflorijoiij 0/ 
vfdieojr ptctarss ejaliut those made ullA tftfs M/ror 
JctfJtflaT. 

■ An Optronics International, Inc, nhotowrlter, capable of 

making extremely high resolution photographic negatives on 
filn from stared digital pictures, tie ieiteire having sucrt c 
rfewtce is esstntiel /pr research in image analysis tad 

■ A precision X-Y tabla, made by the Icon Company, to Our 
specifications, capable of motions In two orthogonal 
directions with an accuracy of ,001 inch, over a range of 
motion of 6 inches with a maximum velocity or 4 
inches /sec and. This device is used to position work under 
the mechanical arm or tho vision system, 

■ An Analogic digital-to-analog and analog-to-digltal 
converter with & to A channels and 64 A to D channels, 
capable of performing date conversions in 3 microseconds,. 
i&dJ to which we have added an additional 19 D to A channels. 

r*e So/tuure Is Bone 

The Productivity Technology Group PDPll/40 UJ *j standard. DEC software, the 
Disk Operating System (DOS}, In en effort to sake software developed within 
tha group useable elsewhere. The group has developed the following 
software : 



VEDIJJ Is the visual Input propria. tt Is used In 
conjunction with either the Vidlcan or the P I M-di ode /mirror 
system to obtain digitised pictures which ara stored on 
disfc. The user can select arbitrary, sub-sections of the 
entire picture being scanned, ftnd the program continually 
displays to him the sub-section Of the picture which he has 
selected. 

MAPPER is a prograp for computing statistics on stored 
digitized pictures, NAP PER can provide his tog rams and 
intensity gradients, printouts of the raw deta and even 
graphic representations of the picture itself. Operating in 
conjunct ion with a prograo that runs on the QUO graphic 
display terminal, it can threshhold a picture Into 
intensity gradations, end then cause the picture to be 
displayed on the GT4Q, MAPPER enables the user to examine 
snail subsections of the entir* digitized picture for 
detail > or to combine subsections together to get a larger 
view of the statistical analysis of the picture. 

LISP, a snail, multiprocessing LISP interpreter, with 
shallow bindings and a non- re cursive garbage collector which 
conserves memory. This LTSP does have the restriction that 
atom prlnt-name.5 must be 3 characters long, or less. It 
does Standard DOS Tile IJO, and can additionally do input or 
output from i variety of terminal devices, or fron the 
Artificial Intelligence Lab's PDPIC tlneshering system- 



ft RUG* a symbolic, DM- oriented debugger, which replaces the 
WW debugger QDT. Using RUG, a Uier may debug standard MS 
format p roar AIDS; tha debugger makes available to h in all 
liis symbol s T disassembles the con ten ti of core into assembly 
language statements kith synfeaiic references included, end 
allocs him, to enter assembly language cade into core by 
merely typing it in. rug has various numeric and 
special -purpose type-In and type-out routine* (such as ASCII 
end RADIK-50J. It allow* the user to sat breakpoint* in Tils 
program., and additionally allows him to monitor the contents 
of a core location, register, or device for some desired 
condition. 

■ 

■ A set of am control routines for the VIEMN mechanical arm. 
These are implemented In LISP, and include routine* for 
moving the an to a particular state-vector (essentially a 
position and velocity for each joint), and Tor halting the 
arm's notion and holding it still. The routines incorporate 
a trajectory planner *hich decides on the route the ana will 
take to- get to the desired -state-vector, and a dynamic 
routine, The dynamic routine looks at the desired 
state-vector as computed by the trajectory planner at the 
end of the next time increment* and computes the torques 
which must be applied to each joint in order to achieve that 
state-vector. 

Finally, there l* an improved editor which utilizes the graphic 
capabilities or the D-T43 terminal to implement a real-time edit node, and 
there are programs for transmitting files to and From the timesharing 
system, for displaying images on our GTM terminal, and for other typical 
system activities. 



MILESTONES 

The flew of basic Artificial Intelligence techniques to applied problems has 
begun in the Artificial Intelligence laboratories and 4 complete list of 

■chieveaents in this direction by the eoBBJEinity would surely include thai 
laprtsilva iforlt dons in Japan on A,I, inspired ZIP coda readers and circuit 
card inspectors, tha work at Stanford, Stanford Research Institute, and tha 
Draper laboratory on. nan inn la tors and manipulator control, and our own work, 
of which the following are of particular relevance; 

■ Inoue and Silver demonstrated tha automatic assembly of a 
radial bearing v-l tti 12 nitrometer tolerances, thereby 
demonstrating that camp J (fated assemblies can be made using 
flexible, pr<s$r armed mm i pir t a t o rs . Thq achievanent further 
demonstrated that inaaledoe htsed force sensitive 
mil Ipu I atari are the key to advarrczj assembly opttations , 
end that niefi t*ti*l proaramnins littauaaes aake prtforaftttt Ac 
Jur nwrbanicel assembly a viable concept. The bearing is 
illustrated in figure Z r 

■ Horn showed how to apply the technique of Jtaomicdre based! 
profile analysis, borrowed from earlier blocks world work by 
Bin ford, Shirai and others, to the applied problem of 
Orienting Integrated circuit chips in preparation for 
standard lead bonding. Figure J showj some typical profiles 
encountered. 

■ Lozano also Used, knowledge-baled profile analysis to locate 
the resistors and capacitors on a circuit board in 
preparation for future work on autooatic testing and repair. 

■ 

■ flltnlek found a way of inspecting integrated circuit lead 

frames for bent ringer defect*, Lead rranes are small 
stampings which are sometimes used to connect oriented chips 
to the D.I,P. contacts. 
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Illustration of the waveform ami mat I uremen t s taken to determine 
a hypothesized edge posit ion. 
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Illustration of the wavefo/ra and some of the measurements taken 
to verify a hypothesized edge fiosition. 



■ Teenier used « ( <« smUg laeaa t o inspact solder jointt 
for th* ttandard dahicu - pin holes, cold joints, and open 

holes. Sao figure 4. 

5e far the programs of ffitnick a„ d juw ar H too slew for inflate 
ewHDtrcial ut* - thalr point w „ to demonstrate feasibility. 

Other Horfc no* being perron^d using tha laboratory^ enabled 
hardware and seftwnra tool* include tha felloe it». E which rurther 
lllustrnta the flexibility ach laved > 

■ SpeeWt has incorporated *f ff *er iayeJ knwledf* about 
obstacle* in low level tracking routine that rollow objects 

throuah otharwiM difficult accelerations, The mirror 
teaser system Is used for this purpose- Figure 5 sHow* a 
trace of Speckert't pQ i„ t i of observation as his syttam 
tricks a pinfl-pono ball through a bounce. Other tastt of 
the tracking techniques include experiments in which miking 
peepla are tracked in order Co help underttand biped 



locomotion. 



■ 
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Voodham it using the vidicon-btsed vision equipment in 
studies alined nt automatic Impaction of nodem jet engine 

Castings. 

Horn is using the iiuga output device in studying techniques 
Tor understanding shading tech a, is required for doing 

autoDatic cartography. 

Raibert is using the manipulation eqtiipnent to study now 
methods for oanipulator control bated on automatic learning 
about arai dynamics through ordared espurioantt in state 
tp&cn. 
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^S'v<^/®V BALL WEMLY STOPPED 




LDCL/S OF POINTS SCANNED UHJLE VISUALLY TRACKING 
A BOUNCING PING PQNG BALL 



BECOMMENDATIONS POH THE FUTURE 

It m, aenaibi, to p 5 to i*pw nt , , yitEa ^ bulld5 t iMll 

•n^nt - very l ltBly the BOdfll llrplir8 enfflfiB Utonu- ln ftgur# _ 

with a view toward «]ving the rolling probieas: 

■ The prQar^ina prqlJ i Bmj o« r lnlihUon ls that m „ s#-lly 
-»*>.. should look life* an annotated part, li.t Wth .dv tc * 
About the trembly, not low Kvii munition*. Wo are 
inspired ln tlili effort by cnnvlMttry wort it Stanford 
mi by our « m hiitory of ieccess with v#ry Mah lml 
languages litH PLANNER md COWtflYIFl. 

i The parts erientin B »hjM«: The parti an to be acmared 
at ruita. «, th* table or drawn f r « bin*. The m rnulti 
will be adopted, if sufficient. 

■ The flexible pert problem T h« , npin( h ** a a,fc.t. W. 
hope to ««nnut up the fuel ii„a „ Mll . w , bBll-¥1 0ur 
IwmUina of Hobble hiru i6 flur . U ctroni« a««abi y wort 
will be valuable experience:, 

■ The two-hand coordination problem: Tha engine has a 
difficult probl,. i„„ 1HBb „ pistonf plltpn plft ifld 
connecting rod . V9 % be brought together, Inoue-s and 
Silver's worn -Uh the radial bearing, printed in the 
program report, oiv eJ us 40ae Mll „ eKn.-ttu™*. 
■anipulation experience. 



■ The straight coordinated novenent problem: In an effort to 
eliminate tha complex aquations normally required far 

defiling mith arm dynamics, Re iter t It constructing * model, 
whereby the arm controller learUS froa previous attempts at 
movement control And stores this learned behavior into a 
large data base on disk. The first step Is to CAUSA, slow 
not ion of tha arm between PAirs of points in order to teach ' 
th« system the gravitational parameters along the pith In 
between. Then the Am controller can begin to la Am About 
the dynamics of notion along the sane paths by iterating the 
aw t Ion s at speed, trying tn learn About the ansa dynamics in 
order tn rBduce the flip between the previous iteration and 
the desired notion, 

■ Coordinated Vision And ■anipulatton: Insertion OT the 
crankshaft into tbe connecting rod offers this challenge. 

, The try will not win every tine, we suspect , bringing In the 
opportunity to deal with fault detection and recovery In a 

natural way r Speckert h s tracking work BAy be useful here, 
as wall as Taenzer'S inspection And insertion work. 

■ 

■ Tools: The entire jc-b will require aotu serious attention 
to thought about the manipulator's tools. 

■ Inspection i. We may, if fortunete, be able to test the 
assembled engine and even adjust the needle vaIvo. 
Inspection for surface defects, however t Is to be done In 
the CAStlng domain, described later, 

VI thin constraints imposed by Halted resources t we intend to continue work 
In those areas,, with the basic supporting tools now seining adequate for the 
task. 

TECHNOLOGY TRANSFER 

Of Course, industrial exposure his been vital to this prognn because 
sensible resource allocAtion end technology transfer are so Important, 
BIT' a very active Industrial Lieson Office has been very helpful in this 



regard by helping arrange for us a wide spectrum of contacts in industry. 
Production facilities visited include those of Texas Instruments* 
Hewlett-Packard. Data General, Digital Equipment, IBK, tht RCA hybrid 
circuit facility, the Itenneeott Copper Cmwany Peafaody coal nine. General 
Motors car a&sBnbiv plants. Dalce integrated circuit facilities, AMP 
incorporated electrical connection tnd electrical assembly faculties, the 
Foxboro industrial controls facility. United Shoe Company 's automated 
electronic equipatent machinery production, and the uCA facility charged with 
the production Of advanced lead 'bonding equipment. 

In addition we have on gag ad in several steps which ho believe 
considerably shorten the tine it *ould otharwiaa take to bring vision and 
manipulation wer* into practice on tha factory floor. We recoonend similar 
step* for others engaged in productivity technology research* 

I Wo have introduced a new NIT course on the subject of 

computer vision and manipulation in order to prepare new 
graduates for active leadership in the field. A text has 
bun undertaken as a ■echini &■ for encouraging such courses 
elsewhere. 

■ We have introduced a summer session course for the HIT 
industry oriented summer program, Thera was a favorable 
first and SOcOnd year turnout Kith Engineers and nanagers 
rrott Boeing, Honeywell, Hew Turk Telephone, The U + B. 
Department of Transportation h The Bureau or nines , The 
Office of Naval Research, American Can, Nodicon, Allied 
Technology. Western Electric, Vestinghouse, Kodak, and Xerox 
attending, General Rotors has purchased our Videotape 
introductory Artificial Intelligence course. 

■ We have whenever possible built the vision and manipulation 

Laboratory out Of Easily obtainable equipment and wa have 
avoided modifying this equipments Whan new equipment has 
had to ho designed, we have avoided ona-of-a-kind In -house 
construction. 



THE REPORTS 

Host Of the pilars eiiumeratfld in this section ware produced as i direct 
conseciuinca -of our wort in productivity techno logy. Others ware written in 
Connection with other basic research foci of the laboratory which treat 
topicji of interest to rmeters concerned about design automation as wall 45 
production per se. 

Fiv* reprasentatlvt pipers from ttifi Hit are reproduced in the 
appendix. They covtr part or the wort on manipu Later geoDetry. nan inu la tor 
control, foreo feedback assenbly, visual inspection, and Juiowledya based 
undent and ing of engineering dtslpn facts. 



Laboratory momo^-ida relevant to produc Eivi ty tachnologyr 



2B7 Manipulator Daaien VignalJ&Sj, Mnrvin Mnaky, Qclooer 1373. [51.30] 

"Rib men* ia about mechanical arm« r The llteratu-B on nobctrC* •Berns to 
be dtticient In such d ecjagionn, perhaps becauae not enough sharp 
theoretical probleme hQvft bean farmulelld ta attract intereat. I'm aura ireny 
of thSBB mattare have been tfecuBBed in otNir literal uree — proalhetcCff. 
Orthopedics, mechanical engineering, ate, and raFarencae to blrcH 
diacufl Diana would be welcome. Wo rsias tr*so iseuea in the Conlaxl of 
demgnirg tha mini-robot system in tha A.|- Laboratory in. 1973-1373. But we 
would! like Id attract lha inlaraat of IhB general heuristic programmr-no, 
community to IDCh questions. 

373 Tha_ UittlB Rpbo[ System. David Silver, January 1973, [S.BD] AD-773-Sa&. 

Tlha Litlla Rabat System prnvitfHH for [ha I.T.5, uaar a medium aire Tour 
deg-oa of freedom six axis robot which ia cancelled' by th* PtJF=B compular 
Ihrough tha fr°B™mmirig language LlSf. The robot includee «igN force 
feedback channels which whan interpreted by lha PDF-FJ ere read by LISP 
aa tha aignad Force q.d= iad ta tha and OF IhB fingere. 

£383 Viauar Fnaition lytraclian Heine Starac Eva Syalama Wilhj A Ralativa 

Rotational Mat ion ^npsbi|ilv_, Daniel W. Corwin, March 1S73. TOriejirfllly 
■OBUadaa Vision Flaah 32, January 1973.] 

395 On LjjhtnaBB t Bar! hold K.F. Horn, October 1973 [g e9 Cofnputar Grarjhica and 
InForrntHicri ProcBBamQ, Oecaniwr, 1974]. [$3.10] [AO-?73-5BB]. 

Tha intenaily at a point in an image la tha product of tha reFlectance n\ (h* 
corresponding ob.ect poinl and IhB intenaily of illuminalion al that ponl. We 
ara able to perceive lightness, a quantity cloesty Con-BlBled wilh reFlectarca, 
How lhan do we el mi.-iata lha component dua to illurninolion From tha image 
On our relina? Ths two components 0< image intenaity differ in lhair apgliol 
distribution, A molhad ia preeflltBd hare which takes advantage of thia lo 
compute MghtneBB from image intaneily in e layered, parallel FaeNon. 

3DO Deajg^ Outiina for Mini-ArmB Baaed on Mwnrnul a t or Technol ogy. Carl R. 

Flatau, May 1373 (iaaued aa A J. Memo January 1B74J." [51.7D] AC-773-57Q". 

Tha deaign s>F small manipulators ia an art requiring proFiciarcy In dtvarae 
diBCiplnea, Thia papur documents eome OF lhe gane-Tal idaaa illustrated by 
a particular design for an arm roughly ora cuartsr human ana. The material 
ia divided into lha following anchors: 

A. Ganeral design conatrainlBL 

B. FeaLuree of elating munipuleLor lachnology. 

C. Scaling relationships For major arm componanla, 
□. Oaeign oF a pellicular ampll manipulBtor. 

G, Commante en future poeBibijitiaa. 



3m isKSSilii: ^ m ^^ ffichard c - Wat,rHi Jflmj ^ 1S7 <- t E,3D > 

This paper describee a prcpoead mec*lr«al arm central b^b- and adm „ 

T. Same Idaaa on Control 

S. The Basic Capa&h|!9B of the Arm CnnlroH B r 

3. Tha Internal Structure of the ftr m Conlrollar 

4. The Dvnamic Laval dF tha Arm Control SyaL&m 

5. Tha Procedural Laval n f the Arm Conlrol System 

ThiB paper aaasribim lha execution or praise aaaamWy Uake by a robot 
nr-?nn^L° J?*™™ ol thfi ^P^Wla! flyalam a|l ewB ^ ch bngic 
« ian B as pulling a pao -nlo a ncie, wrawinge nu( on a bolt and picking un 

~ nS™' ^rl 110 ' lab ' P - ™ H '*»™ DChi ^ Bd ■" tha «peVi^£ 
waa 0,001 inch. Tha a^parimanta ptovsd thai For« faadbnek ambled lha 

icaarancea, A mov<a OF the damonglratioh ia BvaHable, 

HS§™j ' fa ' d SuMmw * DacambiFlaRriAD^Oiil 

IhI^'i^T BD ™. [P Bl ^olaoi™ 'or dia B noBin Q W K»y dee> Q r*d 
radio circuilB which Bra failing to perform in tha intended way because of 
r nDfflB '.^ =amP"«nl, ParlicUar amphaaia ia plarad on tha utilily and 
racB SB ,ty of HM d teleological dascripiiDnB in «»tfully a*acutir£ ih» 
task er iHiQting fHiUng camponanls. '^ [ ™ 

□rign t .na Si]™ Iniaprajfld CircuJl C*oe for Land Bonding BarthoJd K P 

! "^ A" "!- ,hB ^P ^ 8 «» f CGmpu(in B and our feeble undara landing 
of .njaoBB. We bal.ava Iheaa abalaclaa are ra fl t endin B . To Pliustrola v^hat 
can be dona we deachbe a worting pragrom that viBUally determine* lha 
rWBiliOnarKloriBntatiooDrailicancHipsuSBdJniflLeBmifldeiniijilB, 

g H " ri »fi £ Tachfiiquaa hi Computer Aided Circuit Annl vg i a , Gerald Jny 
Suteman and Ricrtjrd Matthew SIsHmsn, IVli^rri375.T^or f AaA<I31l?lj! 

SiSrVS' J L ' B ?" ""?'' C,rCUiC rtr,HlVHia ^B™""- Wherag* other 
Circuit BhSlyBia ayalfima rely on claaeiGal, formal Eralyeife technique*, EL 

employs haunali B "irupeclipn" mothode to egh, B father complex DC bioe 

on m„ 1-1. + q^l-lative reoeoning oroCa B ao 9 . EL' fl r«aoning i 9 ba Heti 

an 1Mb CQ ne«pt of a "local ona- B Jap daductio^ au m O ntad b y ^ariou. 
r™? B Pnnc^i™ and by tha Concapt of a "rrracro- element". W B 

P^aaanl eavBral ovrnoteled example. Of EL in OOBratlon and an emanation o" 
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how it works, Wb also Show how EL tin be b*1 ended in BBvaral dirBclionB, 
inducing BirrjQDiCal etao^ ate: a anayaia. Finally, we louch cm poaeibls 
imphcotiona for anginaaring education. Wb IbbI thai EL m Bignpfrcanl not 
only as a novel sppraach is circuit analysis ul b Ibo e»b an applicants of 
Artificial Intelhgsnca techniqufle to b new end.nt»rating domain. 

3SS ^ft^U*^^ ^ oFil "' To ™ B ^ano-Pw-Bs, May 1B73- [Siaoj. (ADA- 

Much Jow-levai vision work in A| daala with ana-dimsnaionel inlanaity 
prnfilBB. This pspur dsscricea PRSPAR, s ByBlem that allows B convenient 
and uniFcrm mschijrtBrn For nacGgnizing B«h proMoa. PFIGPAH ia a mQdiFied 
Augmented Transition Natwdrka paraer. The grammar used by the parser 
SBrvBB ID daacribe and labal (M »i □( acceptable prcfhlea. Tha input to tha 
pnraar Bra dflBCn plicna of BHgma.nl a OF b piecawiae linear Approximation to 
an .nlenBily proFils. A sample grammar is prBasntsd and lha reaulta 

dlOCUBBBd. 

330 !"^^ [ g* r ^tv_ Un derstands Bertnold K. P. Horn, Augual 1B7S, (Sa.lO]. 

►mags intenailisa ham bian prrjcaBsad traditionally wiihoul rnuch regard Id 
how Thay ar.sa. Typically they are UBad only to segment an image into 
f scions Of to Find Hfiffa-Frapwanta. Image iniflneitiaa dc carry h great beat 
Of Useful information uboul threB-dimpraiDnai napecls of objects and onma 
initial BtlemptB are ma ds hare to exploit Ihie r An understanding of Mow 
•mngeB ar B formed and what determines th D amount of light reflected from a 
point on an object to the viewer ia vital to BUCh a dB*BlOf}ment. Tha 
DrBdient-epace, populated by HuFFman and MaclrwDrlh i* a helpful tool in 
thin regard, 

A Stale, Space Model For Seraorj m otor Epnlrp) and Lenrnna Marc Gelbart 

January is76. [Si.aa]. * m * 

This ia the firat OF a two part preeanlalidn nt a modal which dfealB wilh 
problems dF motor control, ma tor learning, adaptation, end aenecrimolcr 
mtaa-alion. In this ssclinn the prcblBmg are outltnad srid a ecJution io given 
which makes uaa oF a elate specs memory end a piece-wise linearize tion of 
the liquations at ma I ion, A F [^incoming Gamparfon article W HI BrMBnl tha 
noaulla Ol Issta per Formed on B n implementation Of the model, 

AI-TR-34E [ThEaa] Jcnn M. HollsrhgcH, H, aj;archie_rjl Shape Oflucription 
91 ^bjecla bjf Selec tion Hrd ModiFiiiB^on of FVptot ypss , Nov amber 19 ?5~ 
[E3r35J, """ ' 

An appfctach towards ahnpa dsacr.ptian, cesad on prototype modification 
and generalized cyHndara, has been davslopad nntf app"ied lo the abject 
domains pottery end polyhedral- 1. A program deecribaa end identifies 
potta-y frdm vaas DUttnaa antend u lists gt points, Tha- descriptions nova 
bean modal ad after descriptions by BrchaologietB, wilh lha raault that 
ibantitteatiane made by the prdgram ee ramorkably canBiatanl wi|h thoaa or 
thB BrchaologietB. It haa besn possible to qusntiFy their eh^pa deecriplorB, 
which are everyday terms in our language Applied lo marv aorta at obieclo 
besidea pollery, so that the reaJtrg doecriptiona seam vmy r^lurat. 2. 
New parsing strategies For pofyhBCria ovarcomB eome EimiteUonB at previoUB 
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WDrt. A special fealure ie ttvt tha ptdcobbbs oF poreing end identification 
Bra carried out 8 mU tendOualy. Wilh tNa descriptive spprcmcba tha evidently 
unrelated domatna cf pottery and poiyhfldra en treated aimilarly. ObjaclB 
ara SBgmantad into multipla generalized cylindsra. The cylinders era then 
dudcribsd by aaaigning a prototype* e etendard ahape Frcm a email 
repertoire, which ■• modified to COnFom* mora exactly w»lh Ihg cylinder, TPm 
modifications are a I rue lured hierarchically and" Opacity the degree of 
mndHicaliori jib coareely or pfBCisely aa desired. Sdtib modiFicelione era 
epecif ic to e given prototype, nH-iBre nra applicable to aeveral ol them. The 
empheeia throughout tnie work has been tn develop uaeFul, qualitative 
dascriptioTiB wheh b'ing out the aignirrcant fanturee and subDraTnale leaser 
ones, Td thie purpose curved Imee repreoonting the boundary of vgeoa 
have been quant irnd into a few eurvalLTH levele. Line^ region, and volume 
ohepee ace ell described by oeeigning Bid modi Tying pro to ty pee. In each 
inetance the prototypes Bra apecialiiad to the domain, and pnae dtf&rant 
probdeme in selection end modif ice Lion. 
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